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Introduction
There are several stylized facts with regard to the growth of cities across countries. Cities in many countries are growing according to a regular pattern, both in terms of their size (city population) and their rank in a system of cities. The regularity over decades or centuries means that even large shocks did not affect the distribution of cities permanently. This regularity became a fascinating 'law' for economists to evaluate and to explain theoretically (see, for instance, Gabaix and Ioannides, 2004; Krugman, 1996; Nitsch, 2005) . Another dimension concerns the location of cities. Vale and Campanella (2005) conclude that one of the city resilience axioms is the power of place which contributes to city resilience after it was destructed by a major disaster. They derived this from studies on the resilience of cities in different time periods, places and cultures. Although this conclusion is based on a limited number of studies on individual cities that have been destroyed by large shocks, it provides evidence that cities which have locational advantages will rebound and subsequently keep their high rank in the distribution of cities.
In the same spirit, Davis and Weinstein (2002) , Brakman et al. (2004) and Bosker et al. (2008) used the bombing of Japan and German during the second World War (WW-II) as "quasi natural experiments" and found that the impact of shocks on the city-size distribution is only temporary and supports the locational fundamental theory. Investigating another post WW-II "natural experiment" -the bombing of Vietnam by the US - Miguel and Roland (2011) did not find strong evidence of permanent effects from this bombing on local poverty rates, consumption levels, infrastructure, literacy, or population density. They used a different approach, but the main conclusion is parallel to Japan and German cases, which is that the bombing affected Vietnam only temporary.
Basically, locational fundamentals theory states that natural advantage or the physical landscape (first nature advantages such as access to the sea, river, or availability of natural resources), as initial conditions, determines the existence as well as the growth of cities (see, for instance, Fujita and Mori, 1996; Krugman, 1996) . These permanent features give benefits to the locations as an excellent site for economic activity (Davis and Weinstein, 2002 ) and as such have affected the formation and evolution of the size of a location. It is oftentimes argued that in normal situations, the importance of such initial conditions should become smaller, but their impacts may still persist, for instance through cumulative process by which first nature advantages create second nature advantages. Against this background, it is interesting to see how the growth and the position of a city in the rank size distribution is affected by extreme events: do the initial locational advantages play an important role in reverting the growth of the city after the shock?
Following Davis and Weinstein (2002) , the main aim of this paper is to investigate the relevance of the locational fundamental theory in a very specific situation, viz. the crossregions in Northern Sumatera (Aceh and North Sumatera province) after the Indian Ocean tsunami and the Nias earthquake. Since most empirical studies on urban growth focus on the developed countries, taking Northern Sumatera as a "natural laboratory" will contribute to recent empirical studies on developing countries such as for instance China (Anderson and Ge, 2005; Chen et al., 2010) , Malaysia (Soo, 2007) , or on growth of sub-national (state) population in India, China and Brazil (Soo, 2010) .
Another important issue in studying this size distribution to which we aim to contribute is the appropriate urban-regional unit of observation. In their recent papers, Giesen and Suedekum (2011) and González-Val and Sanso-Navarro (2010) argue that Zipf's law can also hold within regions of a country. Applying three different concepts of regions in Germany (random regions, the German Federal States, and a spatial club of cities), Giesen and Suedekum show that city size distributions at national and regional levels tend to follow a power law. A similar message on this issue also emerged when regions in the USA were clustered as "Megapolitan Areas" (see Berry and Okulicz-Kozaryn, 2011) . These studies argue in favour of using data for single regions. This may be particularly relevant for regions such as Aceh and Nias in large developing countries such Indonesia.
Based on our empirical work, we conclude there are no significant changes of relative positions of regions in Aceh and North Sumatera, despite the fact that they have been hit by big disasters. Post-and pre-disaster ranks are highly correlated as well as population size.
Furthermore, the twin disasters did not affect the regularity of the size distribution of regions in Aceh and North Sumatera. The estimated population growth model yields clear evidence that the twin disasters had only a temporary impact. Overall, this study provides indicative evidence that the locational fundamental theory holds.
The rest of this paper is structured as follows. The next section provides some relevant background. In Section 3, we discuss our framework to investigate the impact of the twin disasters on population dynamics. We proceed with results and discussion in Section 4. Secction 5 concludes.
Setting the Scene
The Indian Ocean tsunami occurred after a massive earthquake with 9.3 magnitudes (on the Richter scale) of the west coast of Sumatra on December 26, 2004. The Nias earthquake occurred a couple of months later on March 28, 2005 (see Figure 1 ). There is no doubt that these natural disasters meet the basic criteria for 'natural experiments' in that they are exogenous, large, variable, and purely temporary (cf. Davis and Weinstein, 2008) . More than 300,000 people were killed by the giant tsunami which also resulted in huge physical destruction. Meanwhile, the Nias earthquake with 8.7 magnitudes on the Richter scale killed more than 900 people, and strongly affected the Nias island. In response to these natural disasters, the Government of Indonesia (GoI) established the Agency for the Rehabilitation and Reconstruction of Aceh and Nias.
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The operation of this agency is regarded as one of the largest humanitarian programmes in history with nearly 500 participating actors (see Takahashi et al., 2007; Masyarafah and McKeon, 2008) .
Figure 1. Epicentres of the twin disasters
Source: Nazara and Resosudarmo (2007) , with permission. We modified the map by adding the yellow and blue boxes. Using this procedure, Aceh in our dataset consists of 16 regencies and four cities while North Sumatera has 13 regencies and six cities. Thus, there are 29 regencies and 10 cities in our sample.
Overall the table reveals the magnitude of the disasters in terms of the impact on human beings as well as on houses. For the purpose of our study, we classified the regions into two groups: (1) highly affected regions and (2) non-or limitedly affected regions. We adopted a method that has been used by Cavallo et al. (2010) Table 1 and yellow boxes in Figure 1 ).
Regarding population dynamics, it is known that compared to other provinces in Indonesia, the population growth rate in Aceh has fallen drastically especially between 2000 and 2005 (BPS-Statistics et al., 2010, pp. 16-17) . The three key factors explaining this drastic fall are (i) higher mortality due to the tsunami, earthquakes and civil war, (ii) a falling birth rate, and (iii) outmigration. Besides increased mortality, the military conflict also contributed to a falling birth rate. Both the conflict and the weakening of the economy accelerated outmigration from Aceh. The peace deal and massive recovery programs after the 2004 tsunami led to an increase in population growth in Aceh. The Population Census 2010 confirms the role of migration in explaining Aceh's population increase. It shows that recent migration in Aceh is 0.6 percent, while in 2000 it was equal to -9.5 percent (BPS-Statistics, 2010).
2 For instance, Aceh Tengah in Table 1 includes Bener Meriah (see Figure 1 ), a new region that was founded in 2003.
For Aceh in particular, the tsunami also opened a 'window of opportunity' to end the thirty years of military conflict between the Free Aceh Movement and the Government of Indonesia (see, for instance, Nazara and Resosudarmo, 2007; Billon and Waizenegger, 2007). 3 Furthermore, the Nias Island is expected to have an opportunity to improve its local development quality and to reduce poverty through the so called 'build back better' approach in reconstruction and rehabilitation programs. 4 This opportunity is important since although the number of fatalities in Nias is smaller than in Aceh, the physical damages caused by the earthquake are evenly spread across a large part of the Nias Island (BRR Aceh-Nias Perwakilan Nias, 2008).
A framework to study the impact of the twin disasters on population dynamics
As already stated in the introduction, we follow an approach developed by Davis and Weinstein (2002) to empirically investigate the relevance of the locational fundamental theory in Northern Sumatera after the twin disasters. There are three theoretical strands that have been used in studying the impact of shocks on the distribution of cities, viz. increasing returns to scale, random growth, and locational fundamentals. According to Bosker et al. (2008) , all three theoretical strands predict a stable city size distribution in equilibrium, but they yield a quite different reaction to shocks. With increasing returns, a large shock has the potential to (radically) change the city size distribution. Random growth theory predicts a permanent effect of shocks on city sizes and on the relative position of cities within the distribution.
Finally, the locational fundamental theory argues that a large shock has a temporary effect only on relative city size as far as the shock does not change the underlying locational fundamentals themselves (i.e., the first nature geography).
Regarding the findings in Davis and Weinstein (2002) that the Japanese case supports the third theory, Polèse and Dennis-Jacob (2010) find that actually the characteristics of a country may determine which theory is most applicable. For instance, there is a difference between countries with mature urban systems and developing nations in the probability that the top city will be pushed aside by an upstart. This probability is rather small in mature urban systems, but it is more likely to materialize in developing nations. They also noted that 'fundamental advantages' are in part a function of technology and preferences: the manifestation of 'fundamental' was different in the past (for instance, ports were fundamental for transoceanic travel) than it is these days (for instance, part of travel through ports having been replaced by air travel). In short, based on their study on the dynamic changes of the top cities in national urban hierarchies, they concluded that political events and technological change can disturb the 'fundamental' advantages of the first big cities.
When the locational fundamental theory applies in the context of Northern Sumatera, we should not find permanent changes in the rank of affected regions nor of non-affected regions after the twin disasters. However, it is reasonable to expect that there are rank changes in the aftermath of disasters and that it takes years before they are back to their pre-disaster rank. In checking the expectations, it is useful to compare the regions' rank after the disaster (viz. in 2005 and 2010) with the 2003 rank along with the computation of simple correlations between rank and size in pre-and post-disaster periods. This can then be followed by relating rank and size of population by using the Zipf equation as the standard procedure. Regarding this Zipf equation, Gabaix and Ibragimov (2009) noted that for small samples, the estimated power law coefficient in the classic OLS Zipf regression is biased and inefficient. The proposed procedure to solve this problem is to shift the rank by 0.5. Then, the OLS model for the Zipf equation to be estimated is:
where R is the rank of region i in the system of regions (based on population), P i is the population of region i, and β is the power component that is our main coefficient of interest.
Following Gabaix and Ibragimov (2009) , the standard error of the estimated power component
The spatial aspect of disaster on population growth
The description of the change of rank of regions will provide a useful first indication whether the tsunami and earthquake had permanent impacts on population dynamics in these regions.
The main concern here is to find out the impact of disasters on population growth by adopting an empirical model that has been used in Davis and Weinstein (2002) and Brakman et al. (2004) . The basic model in exploring whether a disaster has a permanent or temporary impact on the population growth is as follows: . If ε = 0, population growth follows a random walk; if ε = -1, the disaster had no effect at all; and finally, if -1 < ε < 0, then the disaster only had a temporary impact.
The population growth rate on the right-hand side of equation (2) will be instrumented by using disaster variables. Two disaster variables will be employed as follows: An additional element of our approach concerns the spatial process of population growth after disasters. As shown in Table 1 , the twin disasters have killed thousands of people and have resulted in many Internally Displaced People (IDP) as well as destroyed houses. The direct impact of these disasters on the affected regions was that their population suddenly dropped. In responding to large disasters, individuals or families in affected regions may decide to move to the nearest regions that were not affected by disasters. This is a coping mechanism with the disasters by searching employment in non affected regions and may also be a response to the fear for subsequent disasters in the near future (Paul, 2005) . In the case of Aceh, people moved from the coastal areas that were most affected by the tsunami to their villages of origin (locally known as gampöng) -the important last resort for Acehnese in more peripheral areas (Mahdi, 2007) .
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If this would be a temporary move, then one could say that disasters have a temporary impact only on population, which supports the locational fundamental theory. This raises an empirical question on spatial effects in the form of population spill-overs from affected to neighbouring regions.
In measuring neighbourhood impacts on population growth in the context of the disasters, we use a dummy variable (SB_HAR) to classify whether a region shares an administrative border with a highly affected region or not (the dummy equals 1 for regions that share a border with highly affected regions, and equals 0 otherwise). We expect that regions that are neighbours of highly affected regions will receive positive spill-overs from Regarding the spill-overs, it is important to note that most highly affected regions share common borders. Therefore, we split regions in two types of groups. The first is a group of highly affected regions that share borders with other highly affected regions, denoted as HAR_SB_HAR (1 for highly affected regions that share borders with other highly affected region, and 0 otherwise). The second is a group of non-and low-affected regions that share border with highly affected regions, denoted as NHAR_SB_HAR (1 for non-low affected regions that share border with highly affected region, and 0 otherwise). The expectation is that spatial affects captured by the first variable will be stronger than those captured by the second 5 Gampöng represents not only an administrative territory, but also the important traditional or informal networks for Acehnese (see also Gayatri, 2009 , for recent dynamics of gampöng). 6 Regarding migration flows from the Tsunami-affected areas and others from conflict-affected areas suffering poor economic conditions in Aceh to Malaysia, Naik et al. (2007) argued that there is no evidence available to show whether numbers increased post-Tsunami. Furthermore, they mentioned that the peace agreement in Helsinki had the potential to result in the return of large numbers of transmigrants and Acehnese.
variable. We then arrive at the two following models which are refined versions of equation (2):
The spatial impact of a highly affected region on population growth of their neighbours is captured by ρ . If the neighbour is also a highly affected region, the impact will be shown by ρ 1 , while ρ 2 captures the impact for non-and low affected regions.
Other relevant variables
In this section we discuss other relevant variables to explain population growth. There are three additional factors that will be considered in exploring the impact of disasters on population dynamics: (i) the recovery program, (ii) the peace deal, and (iii) institutional factors.
For the recovery program, it is clear that the rehabilitation and reconstruction fund is a potentially important determinant of the recovery process. Davis and Weinstein (2002) show that government reconstruction expenses positively influenced the recovery of Japanese cities after the WW II bombing. However, they also note that this impact is quite small due to the focus of reconstruction policies on rural areas. Brakman et al. (2004) found similar results for West Germany since there was not a guarantee that the most destroyed cities during the war received more funds and since the government tended to support large cities. These examples indicate that rehabilitation support does not necessarily have a large impact on post-shock growth.
In the case of Aceh and Nias after the disasters, Masyarafah and McKeon (2008) noted that in 2005 reconstruction funds were disproportionally allocated across the affected areas.
As measured by geographical gaps in the allocation of funds (ratio of financing to needs), two administrative units that received relatively many funds were Banda Aceh and Aceh Besar. As shown in Table 1 , both regions are categorized as highly affected regions, but it should be noted that Banda Aceh is the capital of the province of Aceh while Aceh Besar is the nearest neighbour of Banda Aceh. With better accessibility and as the home base of the rehabilitation agency, Banda Aceh and its direct neighbour were at a position to receive more funds than other hard-hit areas such as Aceh Jaya. Besides, it seems that rehabilitation and reconstruction programs for Aceh and Nias were started with a domination of a sectoral approach rather than a regional approach. Later in 2006, the rehabilitation agency applied 'regionalisation' where the authority was dispersed into several areas. Acehnese were enabled to return to daily activities and resume work in post-conflict years.
The report also mentioned that the low growth of non-oil and gas sector partly reflects the impact of conflict.
It is important to note that the sequence in Aceh is contrary to other countries where big earthquakes have been followed by political revolution, for instance the Islamic Iranian revolution after the 1978 earthquake and the Sandinista revolution a few years after the earthquake in Managua Nicaragua . concluded that only large natural disasters followed by radical political revolution had a long-run negative effect on economic growth. Regarding this finding, one may hypothesize an opposite (positive) effect when a big natural disaster is followed by a peace deal. Therefore, in this study we expect that having a peace deal will benefit regions that suffered from conflict in the past, as measured by conflict intensity index, abbreviated as CII. It means that these regions will get a better opportunity to grow faster than others. However, since some of the high conflict regions were also strongly affected by disasters, it is important to check the cross effect between disaster impact and conflict index. This interplay variable is denoted as CII·HAR, where HAR is a binary variable that equals 1 if the region is highly affected (and 0 otherwise).
Finally, regarding the role of institutional factors on the regional dynamics of population (see Polèse and Dennis-Jacob, 2010) a dummy variable for the provincial capital (D_Prov_capital) is introduced. In their cross-country study of the dynamics of the top cities in national urban hierarchies, Polèse and Dennis-Jacob found that changes in the rank at the very top are rare and that such changes are closely related to political events. In our sample, this variable is attributed to Banda Aceh -the capital of Aceh province, and Medan -the capital of the province of North Sumatera.
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We expect that provincial capitals are at a better position to achieve high population growth. Figure 2 shows that there are four out of 13 regions that were strongly affected by the disasters as their rank dropped three levels. These are regions situated at the east coast of Aceh. Table 1 confirms that most fatalities of the disasters were residents of these regions. So these drops are most likely related to the sudden impact of the disasters. Five highly affected regions survived at their pre-disaster rank. Meanwhile, only five out of 26 non-or low-affected regions dropped their rank.
Results and discussions

A description of regularity of size-distribution
We subsequently investigate whether the highly affected regions are able to recover from the sudden impact of the twin disasters. Figure 3 It took only five years for them to completely recover in terms of their population size.
Therefore, it is not surprising that post-and pre disaster ranks are highly correlated as well as population size (Table 2) . (Table 3 ) -show power components that are between 0.914 and 1.012 (or close to 1). These findings confirm that Zipf's law also applies in Aceh and North Sumatera regions. In other words, Zipf' law applies even in the group of regions that were highly affected by the giant tsunami and hazardous earthquake. So, this also suggests that the tsunami and earthquake did not affect population dynamics permanently. 
Estimating disaster impact on population growth
Our descriptive analysis has revealed that the impact of the twin disasters on regions in Aceh and North Sumatera seems only temporary. In this section, we further investigate this empirically along the lines set out in Section 3. If the estimation results show evidence that the Indian Ocean tsunami and the Nias earthquake have only a temporary impact, then, following Davis and Weinstein (2002) one might reject the random growth theory and support the locational fundamental theory. We will start with the basic model and it will be followed by the extended model.
Results of the basic model
First, we estimate equation (3) . These results consistently show a negative impact of ranging from -0.504 (specification 3) to -0.674 (specification 1). Since all coefficients are in between -1 and 0, we conclude that the twin disasters only had a temporary impact on regions in Aceh and North Sumatera. Within a short period of time of about five years, about 50 percent of the sudden impact of disasters on population growth has disappeared. This speed of recovery is faster than in Japan (15 years) and West Germany (more than 17 years) as estimated in Davis and Weinstein (2002) and Brakman et al. (2004) , respectively. It is also important to underline that the results in Table 5 confirm that there is a spatial impact on the population growth. As shown in specification (2), the coefficient of SB_HAR is statistically significant indicating that there is a difference between population growth of regions that share a border with highly affected regions and population growth of other regions. It means that there is a 'benefit' of being situated next to an area that suffered from the disasters since the affected regions have a positive impact on their neighbours. By splitting SB_HAR into two groups (specification 3), the result confirms that the spatial effect among the affected regions is larger than the spatial effect between affected regions and non-affected regions. In other words, there is a reinforcing process among highly affected regions. In general, the results in this table suggest that population growth of regions neighbouring highly affected regions is relatively high. Table 6 presents results for extended models. First, the results show that has a consistently negative impact on population growth in post-disaster years. Comparing their magnitude in the extended specifications (Table 6 ) to the magnitude in the basic specifications ( indicates that the benefit of the peace deal is lower in the regions that were also highly affected by disasters. In other words, the overall positive impact of peace deal is particularly high if there were no disasters. As shown in specification (5), we also dropped the reconstruction fund and the institutional variable in the estimation since both variables are consistently insignificant. Also the results of this estimation reveal a robust impact of other dependent variables on post-disaster growth. Therefore, it confirms temporary impact of disasters and the positive impact of peace deal on the population growth in Aceh and North Sumatera provinces after affected by the tsunami and earthquake.
Results of the extended model
Conclusion
In this paper we analyze the impact of the tsunami in 2004 and the earthquake in 2005 on population dynamic across administrative units of the provinces of Aceh and North Sumatera building on the approach developed by Davis and Weinstein (2002) . The results show that there is no statistically significant change of the relative position of regions in this province although they have been shocked by huge exogenous disasters. The twin disasters have negatively affected the relative position of some highly affected regions, but most of them have completely recovered their rank and size in terms of population. This finding strongly points at the relevance of the locational fundamental theory, rather than the random growth theory.
Furthermore, we also find that the twin disasters did not affect the regularity of sizedistribution of regions in Aceh and North Sumatera. Zipf' law exists even in the group of regions affected by a giant tsunami and a big earthquake. Estimations on post-disaster population growth provide strong evidence that the twin disasters had only a temporary impact. In other words, the results tend to reject the random growth theory, but support locational fundamental theory. This evidence is further supported by the impact of conflict intensity index that indicates that regions that suffered from past conflict have benefited from the peace deal.
